Objective: The aim of this study was to analyze trends in infant breastfeeding and artificial infant milk consumption in Ecuador from 2007 to 2014.
Introduction
Breastfeeding is considered to be the best practice for neonatal and infant feeding and is recommended worldwide for children aged 0 to 6 months (Brands, Demmelmair, Koletzko, & EarlyNutrition Project, 2014; Pediatrics et al., 2013; Pérez-Escamilla & Chapman, 2012; WHO et al. 2014) . The current recommendations from the American Academy of Pediatrics and the World Health Organization (WHO) are to practice exclusive breastfeeding during the first six months of life, followed by a progressive introduction of solid food (Brands et al., 2014; Eidelman et al., 2012; WHO et al. 2014) . In some clinical scenarios, lactation is not always practiced or possible, and artificial infant formula is needed to assure adequate nutritional intake (Labiner-Wolfe, Fein, & Shealy, 2008) .
Human breast milk has specific nutritional, hormonal, and immunological components required for the healthy development of infants (Jeurink et al., 2013; Pediatrics et al., 2013; Veile, Martin, McAllister, & Gurven, 2014) . Prior studies have reported on the protective role of human milk, through components such as carbohydrates, nucleotides, immunoglobulins, cytokines, fatty acids, immune cells, lactoferrin, lysozyme, and other immunomodulatory factors (Claud & Walker, 2001; Jeurink et al., 2013) . Breastfeeding also plays a protective role in infants to prevent development of allergic diseases, and respiratory and gastrointestinal infections (de Cosio, Escobar, Gonzalez, Gatell, & Hernandez, 2013; Long, 2015) . The practice also promotes cognitive development of children (de Cosio et al., 2013; Gartner et al., 2005; Jedrychowski et al., 2012; Long, 2015; Quigley et al., 2012) .
Breastfeeding provides direct clinical benefits to mothers during both the postpartum stage and the post-lactation period (Carter & Altemus, 1997; Dewey, Heinig, & Nommsen, 1993; Enger, Ross, Henderson, & Bernstein, 1997; Schwarz et al., 2009) . A reduction in the risk of postpartum bleeding, higher rates of weight loss after pregnancy and postpartum anovulation have been positively associated with breastfeeding (Chua, Arulkumaran, Lim, Selamat, & Ratnam, 1994; Dewey et al., 1993; Wang & Fraser, 1994 ). Long-term benefits for infants include decreased risk of acute illnesses and reduced morbidity and mortality when compared with artificial formula-fed infants; these effects are more pronounced the earlier that breastfeeding is initiated (de Cosio et al., 2013; Glass & Stoll, 1989; Li et al., 2014; Popkin et al., 1990) .
Despite the known benefits of breastfeeding, consumption of infant formula is increasing worldwide (Tang, Binns, & Lee, 2015) . Infant formula is recommended in certain cases to reduce the prevalence of iron-deficiency anemia and to complement or replace breastfeeding in appropriate situations (Commissioner, n.d.; Kemp et al., 2008; Stettler et al., 2005) . However, when the mass consumption of infant formula results in a reduction or replacement of breastfeeding, there is a risk for negative population level health outcomes (Chantry, Dewey, Peerson, Wagner, & Nommsen-Rivers, 2014; Schanler, 2015; Sethi, 2012 ). An increasing number of studies have identified potential associations between artificial formula consumption and poor health later in life, including autoimmune diseases, excess body weight, asthma, eczema and Type II diabetes (Bayley et al., 1998; Chandra, Puri, & Hamed, 1989; Gillman et al., 2001; Labiner-Wolfe et al., 2008; Patelarou et al., 2012; Slusser, 2007) .
In South America, published data shows that breastfeeding practices are not appropriate in mostly of the countries within the region, however some countries like Brazil, Colombia or Mexico have the worst indicators in human lactation when compared with countries such as Bolivia, Guatemala, Ecuador or Peru (Pérez-Escamilla, 2003) .
In Ecuador, research in this subject is scarce; some of the available data shows an important increase in exclusive lactation from 25.7% in 1987 to 39.6% in 2004 (Freire et al., 2014) . In 2014, the government of Ecuador's Ministry of Health (MoH) published the results of the National Health and Nutrition Survey in children of Ecuador (ENSANUT, 2012) . This document reports that Ecuadorian mothers are not following the World Health Organization recommendations for breastfeeding practices. The MoH data did not report a cost analysis about artificial infant formula consumption. To address this gap, the present study aims to analyze the current trends and demographics of breastfeeding practices and infant formula consumption in Ecuador, including the market value and economic impact of infant formula in the country. Information from our findings will be important in guiding future public health policies.
Methods
This is a descriptive observational study of the demographic characteristics of breastfeeding practices and artificial infant formula consumption in Ecuador. The databases used for the purpose of this study come from the National Health and Nutrition Survey of Ecuador (ENSANUT, 2012) Descriptive and correlational data analysis were conducted in SPSS V20, to find the relationship among breastfeeding trends, feeding preferences and population demographics, using Pearson correlation and odds ratios. Ethical approval was not required from the local IRB because the data were de-identified and publicly available.
Results

Breastfeeding Initiation and Population Demographics
Data from ENSANUT indicate that 54% of infants in Ecuador initiate breastfeeding during the first hour of life, 31% of infants initiate breastfeeding within the following 24 hours, and the remaining 15% of infants initiate breastfeeding after the first 24 hours of life within the group of children who received breast milk.
The prevalence of initiation of breastfeeding within the first hour of life was negatively associated with the income of mothers (R² = 0.91, OR: 2.13 Figure 1 ). Sixty-two percent of mothers from the first income quintile (extreme poverty) began breastfeeding within the first hour post-partum, as compared to 47% of the mothers from the fifth income quintile (wealthiest mothers). Accordingly, later initiation of breastfeeding was associated with higher income. Ten percent of children from the first quintile initiated breastfeeding after the first day of life compared to the 18.4% of children from the wealthiest quintile (Figure 1) . Figure 1 . Prevalence of the initiation of exclusive breastfeeding 1 hour after birth, between 1 hour and 1 day after birth, and more than 1 day after birth, by income quintiles in Ecuador Source and adaptation from ENSANUT 2012, MSP, INEC (Freire et al., 2012) .
The prevalence of exclusive breastfeeding declined with the age of the infant. Fifty-two percent of infants at one month of age were breastfed exclusively, compared to 34.7 % of infants at five months of age. Older mothers were slightly more likely to breastfeed their infants exclusively (OR: 1.2 P = 0.3716). With a sample size of 495 mothers, the ENSANUT reported that 45% of women aged 20-34 years breastfed their children exclusively, as compared to 41% of younger mothers (15-19 years old).
Mothers from lower income quintiles had higher rates of exclusive breastfeeding during the six first months of their infant's life (51.3%), as compared to 31.9% of infants from middle income families and 45% of infants from the wealthiest families. Vol. 8, No. 11; Indigenous mothers were more likely to maintain exclusive breastfeeding during the first six months as compared to mestizo mothers (OR: 3.1, p= 000.1, Figure 2 ). Breastfeeding in Ecuador was more prevalent in rural areas, where a higher proportion of the population has indigenous backgrounds, as compared to urban areas. Data show that 58% of the women living in the rural and 35% living in urban areas maintained breastfeeding exclusively during the first year of their infant's life. The likelihood of maintaining exclusive breastfeeding its higher in rural areas when compared to mothers living in cities (OR: 2.16, p<0.001).
The prevalence of exclusive breastfeeding within the first 6 months of life was inversely proportional to the level of education of the mother (p< 0.05 OR: 4.01) (Figure 3 ). Breastfeeding was significantly higher among illiterate mothers (63%), than mothers who attended college (29%), indicating that mothers with lower educational level were more likely to breastfeed their infants exclusively at least during the first 6 months of life (Figure 3) . (Freire et al., 2012) 
Artificial Infant Formula Consumption
Data from ENSANUT indicated that the prevalence of formula consumption decreased as infant age increased. In infants under one month of age, 76.5% consume infant formula, whereas 41% of over 6 months of age consume formula.
Although no data from infant milk consumption for previous years is available, in 2007 the amount of money spent in artificial infant milk represented 0.054% from the equivalent year's GDP, while in 2014, this amount represented 0.10% (Figure 4) . From 2007 to 2014, over $530 million USD of infant formula were sold within the country, representing more than 55 million units of formula, and an average of $62 million dollars per year (Figure 4) . Reports from the International Marketing Service (IMS) and Enfarma EP indicate that the artificial infant formula market is driven by the private health sector (98.9%) when compared to public hospitals (1.1%). In 2011, 347,802 newborns were registered in the national birth registry in Ecuador. According to data from ENSANUT, 56% of mothers use artificial infant formula, thus approximately 194,769 infants were fed, at least once, artificial infant formulas, resulting in over 8 million units sold. At a cost of $73.6 million USD, this represents 0.09% of the annual GDP. Alternative types of infant formulas have also increased in the market in Ecuador in recent years, including lactose-free formulas, soy-based formulas, hypoallergenic formulas, and hydrolyzed formulas. We found that lactose-free formulas were the most commonly purchased alternative infant milk formula, accounting for 1.2 million units sold from 2011 to 2014 (53% of the alternative formula market). The consumption of hydrolyzed formulas may be increasing due to allergies to the non-hydrolyzed formulas and the increasingly higher number of patients who are diagnosed with allergies to cows' milk ( Figure 5 ). 
Discussion
The results of our analysis demonstrates that even though lactation is free and readably available, more than 50% of Ecuadorian mothers from different backgrounds groups are still reluctant to follow the medical recommendation. Although breastfeeding has demonstrated benefits to mothers and infants, artificial infant milk formula consumption in Ecuador has been rising since 2007.
According to the UNICEF, there has been a slightly increment in exclusive breastfeeding worldwide over the last few decades (UNICEF et al., 2013) . Breastfeeding is an essential part of human development and the most important source of nutrients in newborns; however, the practice of exclusive breastfeeding can be compromised, as a result of idiopathic, cultural, practical or pathological conditions (Ahluwalia, Morrow, & Hsia, 2005; Scott, Aitkin, Binns, & Aroni, 1999) . Breastfeeding is readily accessible in most cases, and should be considered a priority for children´s nutrition, especially for infants under 6 months of age and those who live in geographically or social disadvantaged populations (Smith, 2015) . Women´s decisions and maternal practices may be influenced by globalization and marketing strategies that overemphasize the benefits of artificial infant formula, leading to misinformation about breastfeeding (Organization et al., 1981; Rosenberg, Eastham, Kasehagen, & Sandoval, 2008; Smith, 2015) . Investing human and economic resources to promote breastfeeding would positively contribute to the development of healthier infants and would reduce household expenditures on formula (Christensen, 2012; Pérez-Escamilla & Chapman, 2012) .
In this study we identified socioeconomic and educational factors that were associated with breastfeeding practices in Ecuador. Women in the lowest socioeconomic groups were the most likely to breastfeed exclusively likely due to cultural factors that incentivize breastfeeding and financial constrains that limit access to infant formula (Huo et al., 2008; Smith-Oka, 2009 ). Prior studies in Colombia found that woman with higher levels of education were more likely to stop exclusive breastfeeding and introduce artificial infant formula due to the constraints of maternal leave and the need to return to the workplace (Niño, 2014). In Colombia, it was reported that housewives breastfed their children more than women who worked outside the home, since they were able to dedicate more time to prepare themselves for breastfeeding (Niño, 2014) . This phenomena likely affects highly trained and educated mothers throughout South American, due to similarities in type of jobs and work-related responsibilities, as well as common cultural practices and health policies (Perez-Escamilla, 1994; Pérez-Escamilla, 2003) . To encourage breastfeeding, policies regarding the reintegration of mothers in the workplace should be examined, such as extending paid maternity leave from the current three months to at least six months of age. Other reasons for a decline in breastfeeding practices, apart from the increasing number of working mothers, is the fear of negative reactions against public breastfeeding, although this factor has never been studied in Ecuador (Mulready-Ward & Hackett, 2014; Spurles & Babineau, 2011) .
Cultural beliefs and traditions have a large influence on breastfeeding practices (Becerra Bulla, Puentes Valencia, Rodríguez Cepeda, et al., 2009) . In Ecuador, a country where more than 35% of the population self-identify as having indigenous ethnicity, high levels of exclusive breastfeeding practices have persisted despite the influence of western practices and strong private sector marketing of infant formula (Freire & et, al, 2012; . In Ecuador, less exposure to marketing strategies and stronger cultural beliefs might contribute to lower infant formula consumption among indigenous people.
The results of our study indicate that the artificial infant formula market, including alternative formulas, are a significant and growing market in Ecuador, reflective of trends in the commercial baby food market, worldwide (Kent, 2015) . The private healthcare system is the biggest consumer of artificial infant formula, representing more than 98.9% of the total national expenditure (IMS, 2011; Ortiz-Prado & Ponce, 2013) . The increasing consumption of infant formula is reflective of an overall increase in healthcare and pharmaceutical expenditure in the country, which have increased by more than 50% over the last 8 years (Ortiz-Prado, Galarza-Maldonado, Cornejo, & Ponce, 2014). The amount of resources allocated to drug and pharmaceutical consumption is proportionally greater in Ecuador than in some high income countries (Ortiz-Prado et al., 2014; Pavic, Pfeil, & Szucs, 2014) .
Increasing health care expenditures are indicative of greater access to healthcare, a growing wealthy class, and the increasing prevalence of Western medicine in the country (Ortiz-Prado et al., 2014) . However, exclusive lactation during the first 6 months of a child's life, has the potential to reduce out-of-pocket household expenditures on healthcare (Cattaneo et al., 2006) , which is important given that 24% of household in Ecuador live below the poverty line (Bertoli & Marchetta, 2014; INEC-DIPES, 2010) . It was reported that in the United Stated exclusive lactation can save up to $1000 USD per family per year due to the savings accrued by not buying artificial infant formula (Schanler, 2015) . It was also estimated that if 80% to 90% of families complied with lactation guidelines, more than $13 billion USD dollars could have been saved in United States just in 2007 (Bartick & Reinhold, 2010) .
Given the need to maintain affordable and accessible healthcare, the Ecuadorian government has initiated a public education campaign to promote exclusive breastfeeding practices. Standardizing breastfeeding policies and breastfeeding medical protocols have become a reality in Ecuador in the last 5 years. The government is implementing human milk banks as well as massive campaigns highlighting the importance of breastfeeding, www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 11; specially focused in poorer audiences. The Pan-American Health Organization and UNICEF are joining forces with the Ecuadorian Minister of Health in order to improve children's nutrition and reduce healthcare and out of pocket expenses. The results of our study indicate the following recommendations for the public health sector: (1) Targeted educational campaigns to increase exclusive breastfeeding for specific cultural and demographic groups of women and (2) an evaluation of maternal leave policies that influence infant feeding choices. Future prospective studies should assess the health outcomes associated with infant formula consumption in different ethnic groups in Ecuador, true household expenditures on infant feeding, and the factors influencing mothers' breastfeeding decisions.
The results of this study are limited by the absence of artificial infant milk consumption data for previous years as well as missing information regarding clinical justifications for the use of artificial human milk in the Ecuadorian health system.
